Pigmented villonodular synovitis is an uncommon benign neoplastic process that affects synovial-lined joints, bursae and tendon sheaths. We describe polyarticular extension of pigmented villonodular synovitis across joints secondary to pigmented villonodular tenosynovitis. Given that treatment is required to prevent progressive destruction of the involved joint, tendon or bursa, radiologists must be vigilant for diffuse polyarticular or extrasynovial involvement to optimize patient care and initiate appropriate therapy.
SUMMARY
Pigmented villonodular synovitis (PVNS) is a rare but potentially aggressive condition that may involve all synovial membranes, including joints, bursae (pigmented villonodular bursitis) or tendon sheaths [pigmented villonodular tenosynovitis (PVNTS) or giant cell tumour of the tendon sheath (GCTTS)].
It was first described by Chassaignac 1 in 1852 as a nodular lesion of the synovial membrane that affects the flexor tendons of the fingers. Jaffe et al 2 described it as a group of synovial, tenosynovial and bursal lesions. It was then subclassified into localized and diffuse forms of synovial involvement by Granowitz and colleagues. 3, 4 In most cases, the disease is monoarticular and most commonly involves the knee joint, followed by the hip and ankle joints in order of frequency. 5 However, PVNS has the potential to extensively invade the local structures such as muscles, tendons, bones and skin. 6 Polyarticular or multifocal involvement is uncommon. [7] [8] [9] We report a rare case of polyarticular PVNS with involvement of the distal contiguous joints secondary to pigmented villonodular tenosynovial invasion.
CASE REPORT
A 41-year-old female presented to our department with long-standing pain, with development of palpable soft tissue nodules over the volar and dorsal aspect of her right wrist and progressively worsening flexion contractures affecting the middle and ring finger metacarpophalangeal joints (MCPJs) of the right hand. Physical examination confirmed the presence of soft tissue nodules and flexion contractures, with markedly reduced movement of the middle and ring finger MCPJs.
INVESTIGATIONS
A plain film demonstrated flexion deformity of the middle and ring fingers with erosions at the proximal interphalangeal joint of the ring finger, early cortical irregularity of the base of the index metacarpal and ring finger proximal phalanx ( Figure 1 ).
Ultrasound confirmed the presence of flexion deformities with the palpable nodules corresponding to the flexor tendon sheaths. There was marked tendinosis with associated tenosynovitis affecting the middle and ring finger flexor tendons (Figure 2a ). There was particular thickening of the tendon sheath at the level of the A1 pulleys and generalized thickening of the flexor tendons in the palm and the wrist, with compression of the median nerve in the carpal tunnel.
On dynamic imaging, there was poor excursion of the flexor digitorum superficialis tendons of the middle and ring fingers and, to a lesser extent, the flexor digitorum profundus tendons. There was moderate associated vascularity on power Doppler interrogation.
On scanning the dorsum of the wrist, there was again evidence of extensor tenosynovitis with nodular tenosynovial thickening and echogenic material in the tendon sheath. There was synovial hypertrophy at the carpus ( Figure 2b ) and MCPJs with minor increase in vascularity. No evidence of synovitis or tenosynovitis was seen in the left wrist.
An MRI was arranged to further characterize these findings. This revealed florid tenosynovitis affecting the extensor compartments, with intermediate/low signal seen on short tau inversion-recovery and T 1 weighted images with areas of blooming artefact in addition to minor fluid distension (Figure 3a ). There was also involvement of the flexor tendons at the level of the carpus, again with low signal surrounding the tendons (Figure 3a) . Tenosynovial thickening of the flexor compartment resulted in flattening and compression of the median nerve at the level of the carpal tunnel.
The flexor tendons of the middle and ring fingers were also involved at the level of the MCPJs. Hypointense lobulated synovitis was seen at the wrist and carpus and also at the index, middle and ring finger MCPJs and thumb interphalangeal joint (Figure 3b ,c).
Ultrasound-guided biopsy was performed and histological examination confirmed diffuse siderotic tenosynovitis along the tendons involving the MCPJs. This pathology-imaging correlation confirmed the diagnosis of extensive, invasive diffuse PVNS of the adjacent tendon sheaths (PVNTS). Our patient proceeded to have debulking surgery with follow-up for consideration of adjuvant treatment with external beam radiation therapy in the future.
DISCUSSION

Polyarticular involvement is an unusual presentation of PVNS.
While the condition may be locally destructive, to the best of our knowledge, this is the first reported case of contiguous joint involvement via tenosynovial extension.
The varying forms of this condition may be divided into localized and diffuse types. The localized subtype is the most common and is usually extra-articular 10 in contrast to the diffuse form, which is normally intra-articular. The diffuse form, which involves all of the contiguous synovium, is typically monoarticular, with large synovial surfaces most frequently affected such as the knee or hip. Localized intra-articular, or nodular, PVNS is less common and typically occurs in smaller joints. Localized disease, including both extra-articular and intraarticular, represents 77% of cases (with the tenosynovial form being the most common). Localized intra-articular involvement represents 6% of all cases.
11 Localized extra-articular form of the disease accounts for 1.6-3.9% of all benign soft tissue masses, and is exceeded in frequency only by ganglia.
11,12
Patients most commonly present in the third to fifth decades of life (mean age late 30s). The diffuse intra-articular form of the disease occurs with equal frequency in both sexes, whereas there is a mild female predilection in the localized extra-articular form (1.5-2.1 : 1).
11
The current World Health Organization nomenclature describes PVNTS, or pigmented villonodular bursitis, as GCTTS and the diffuse intra-articular form of PVNS as diffuse-type giant cell tumour. These conditions are rare with an incidence estimated to be 9.2 and 1.8 cases per million for extra-articular and intraarticular forms of the disease, respectively. 13 The pathogenesis of PVNS is likely multifactorial, although cytogenetic analysis of the lesions have demonstrated that the condition may be associated with specific chromosomal aberrations. Translocations are often noted and result in a fusion gene with a strong collagen promoter (COL6A3) driving the colonystimulating factor-1 (CSF-1) gene. This results in excessive production of the pro-inflammatory CSF1 protein in collagen and subsequent macrophage and monocyte invasion. [14] [15] [16] However, these changes, while unique, do not fully account for all cases and genome-wide microarray analysis has demonstrated that there is up-regulation of a number of genes involved in apoptosis, matrix degradation and inflammation. Macroscopically, the synovium is diffusely thickened in PVNS. This synovial hypertrophy consists of irregular papillary or villous projections and larger nodular or villonodular protrusions.
At microscopy, localized extra-articular disease typically reveals a multinodular process embedded in a dense, partially collagenous pseudocapsule. 10 In contrast, diffuse intra-articular PVNS has an infiltrative sheet-like growth pattern tracking along the synovium with the potential for local invasion. These masses are typically dark brown and heterogeneous in colour with areas of yellow discolouration (xanthoma cells). The classic cytoarchitecture consists of subsynovial nodular proliferation of large round, polyhedral or spindle cells with prominent cytoplasm and pale nuclei. The multinucleated giant cells contain a variable number of nuclei, from 3 or 4 to 50. 18 The multinucleated giant cells are less conspicuous and not as uniformly dispersed in diffuse intra-articular PVNS and may be absent in up to 20% of cases. Overall, there is a diffuse infiltrative growth pattern with the potential for local invasion. 10 The histological appearance may mimic aggressive neoplasms such as synovial sarcoma, rhabdomyosarcoma or epithelioid sarcoma. Malignant transformation of PVNS is rare, and controversy exists regarding the histological criteria for its diagnosis. 19 Imaging alone is not sufficient for diagnosis, and pathologic imaging correlation is necessary for the exact diagnosis and for differentiating between the benign and the malignant forms of the disease.
11,19-21
The typical features on plain film are relatively non-specific, with appearances mainly being those of a joint effusion. Bone density and joint space are preserved until late stages. Marginal erosions may be present as in our case (Figure 1) but it is not possible to distinguish PVNS from other primary synovial processes such as synovial chondromatosis. 20 On ultrasound, intra-articular PVNS has non-specific imaging features and may appear as a heterogeneous echogenic mass or markedly thickened hypoechoic synovium that may have nodular and villous projections with internal vascularity on Doppler interrogation. 10, 20, 21 PVNTS or GCTTS appears as a hypoechoic solid mass with well-defined margins and internal vascularity that is intimately related to the associated involved tendon. 20, 21 As the mass does not arise from the tendon sheath, GCTTS do not move with the tendon during dynamic imaging. On CT scan, joint effusions are commonly seen. The hypertrophic synovium appears as a soft tissue mass that may appear slightly hyperdense compared with adjacent muscle secondary to haemosiderin content. Calcification is very rare in the synovial mass in contrast to synovial sarcoma, where this is common. 21 Articular erosions may also be evident.
MRI typically demonstrates a mass-like synovial proliferation with lobulated margins. 10, 22 This may be extensive in the diffuse form or limited to a well-defined single nodule in the localized form. The signal characteristics include low-tointermediate signal on T 1 weighted images, variable enhancement following gadolinium, 23 low-to-intermediate signal on T 2 weighted images with some areas of high signal owing to joint fluid or an inflamed synovium. Gradient echo sequences demonstrate low signal and may reveal blooming artefact owing to haemosiderin. The differential diagnosis would include siderotic synovitis, 24, 25 and predisposing conditions such as bleeding disorders or synovial haemangioma should be excluded.
PVNS may be locally invasive and involvement of the adjacent bone can result in pathological fracture. [26] [27] [28] Contiguous spread involving the joints of the carpus or tarsal bones may also be seen. While our description of poly-articular PVNS with invasion of the adjacent tendons and spread to distal contiguous joints has not previously been reported, the potential for local invasion and extension along tendon sheaths as with GCTTS is well documented. Such aggressive patterns of spread may be seen in other malignant conditions, such as epithelioid sarcomas, which are extremely malignant and tend to spread along the tendon sheath, fascial planes and lymphatics. 29 Myxoid chondrosarcoma may also be associated with the tendon sheath but is usually seen in the digits and more commonly present in older males. 30 
CONCLUSION
In summary, PVNS is a rare synovial disorder. The typical features of this disease on MRI are characteristic and aid in differentiating it from other synovial proliferative processes. The characteristic blooming seen on gradient recalled echo images and the low T 1 and T 2 signal intensity reflect the underlying histological features of haemosiderin deposition within the lesion. There is potential for local invasion and rarely, as in our case, spread to contiguous joints. The identification of such atypical patterns of spread is essential to guide appropriate treatment to prevent progressive destruction of the involved joint, tendon or bursa.
LEARNING POINTS
1. PVNS and PVNTS, also known as GCTTS, are rare synovial disorders of uncertain aetiology with characteristic imaging findings. 2. Pathology-imaging correlation is necessary for accuate diagnosis. 3. There is potential for local invasion and extension from the affected joint into the adjacent tendon sheaths. 4. Our case demonstrates that advancement of this giant cell tumour along the tendon sheaths may provide a route for involvement of distant joints. 5. The identification of such atypical patterns of spread is essential to guide appropriate treatment to prevent progressive destruction of the involved joint, tendon or bursa.
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